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- CONSTAKT-PRESSURE BLOWERS*
. By E. S8rensen

The convantional axial blowers operate on the high=-
pressure principle. One drawback of this type of blowerj
is the rolativoly low pressure hocad, which onc attempts
to ovorcore with axial blowors produclng voery high pros=
surc at a glvon circumforential spoed. The Schicht con-
stant-prossuro blowor affords prossurc ratlios considorabdly
higher than thoso of axlal blower of conventionel dosign
wilta approxlimeatcly the samc offlcicency.

IdTRODUCTION -

The samc principlec is opplicd to axianl and radial
fans os to wotor turvines and contrifugal pumps.(figs. 1
and 2). For a spocifiocd dolivory volume, tho axial blowor
is much smallor in diamcter and conscequontly lighter and

-less cxpensive than tho rondial typoe. Boelng, iIn addition,

casy to Install 1n moany casos, 1ts generul uso 1s much
favorod. Unfortunatoly, 1ts rarnge of onplicoction 1s quite
restrictcd, since 1t can ovorcome only small prossurc dif-
feroanco.

According to the laws of hydraulic similitude, tho
delivory hcad or 1ift H produced by a blower (in m) is
proportlonal to the square of the circumferentlel speed
uy, of the blade (in m/s).

ua.a

g

H =V

The nondimensional quantity WV denotes the so-called
pressure ratio of the blower, because the dellvery head
usually agrees with tho prossure differonce Ap/Y (Y =

*uGlcichdruckgoblidso." 2. V D I, vol. 83, no. 32, August



2 N.A.C.A. Technlcal "Méomorandum ‘Ho. 927

specific welight of doliveréd.gas) producsdd in the dblower
inclusive of diffusor. Hence the produced prossure in any
blowor 1g controllable within wide limits by changing the
rotational spocd. For this reason, tho mere statement of
the pressuroc produced In a dlower 1s 1nsufflelent to chor-
acterizo 1ts valuo or speclal featuros. Tho recquirecd cir-
cumfercntial speed or tho prossurc ratlo must also be
stated.

The pressure ratio of a blower depends, first, on the
shape and number of the gulde and rotor blades, and sece
ondly, on thc method of arrangement of guldo vanos and
rotor. To6 1lllustrate:! PFigure 1 shows a radial dlower and
flgure 2, an oxial blowor with tho gulde vanes 1ln flow di-
rection bohlnd the rotor. Figure 3, on tho other hand,
shows gulde vanes fitted before and bchind the rotore. The
prossuro ratlos obtalnabvle with such dlowor arc vory une
liko. To illustrato thls fact, let us assumc four bladings
for an axial blower:

Rotor 4, with blade angle of 90° at discharge;

Rotor B, the blading of which complotely cancels a
certaln helix 1n tho inflowilng cir;

Guide vanos C, tho blading of which complotely nou-
trallzes tho hollx ercated by rotor Aj

Guide vanos D, whose blades can produce a helix oqual
to the helilx bechind rotor A.

Tho losses are assumad as follows:
Tho blade losses are zaro:

The axlal component of the discharge veloclty is
without loss convertod to pressure in tho follow-
ing diffuser;

The clrcumferentlal component of the discharge veldcity
1s lost complotely.

Qn those promises, tho pressuroc ratlo 1s as follows:

For blado errangement A + C (gulde vanes bohind
rotor) at V¥ = 2; . ..

For blade arrangemont D + B (gulde vanes before
rotor) at Y = 2;
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‘For blade arrangement D + A . (guide vanes before.
. e rbtor),nt v o= 3, . .

'For blade arrangement. D + A + Q (gulde venes bBew= °
fore and behind rotor) at V¢ = 43

For blade arrangement D + A +' A+ C (two opposite~
ly rotating rotors. gulde vanes before and behind
rotors) at V¥ = 8.

Fundamentally. arrangements D+ 3B and D+ A are
ldentical (guide vanes before rotor), differing only in the
blade angles. But arrangemont D + A purchasos the higher
pressurc ratlio with supplemontary losses. XEvon so, .8omo=-
what hlghor prossure raetios are attalnable in practice
with guldo vancs fittod dbefore tho rotor without impailroed
officiconcy than with guldo vones arrangod behilnd.

Tho greatest drawback of tho axlial against tho radianl
blowor so far 1s 1ts vory low pressuro retio. Its prose
suro for a glven circumfoerentlal specoed 1s much lower than
that of the radial blowor. Only 2o small port of thodelive-
ored gas passes the rotor of tho axial bplowor entiroly
cutside whore its circumforontial speed wup, 1is maximum,.
Anothor portlon passes insideo along the hub whore tho
blading has its lowost circumforentiol spoed, and thils low
spood must suffico to produce tho requirod delivery hoad.
The oxlal rotor could producec a far highor dolivory heod
outeidc thon insido. Since, for roasomns of good officloney,
the dclivory head must evideontly be the same for every part
of the blndo, the circumforontial speod ug cannot be
utllized ot all for producing prossure. Loglcally, tho
prossure ratio of the axial dlower should bo reforrod to
its circumferentinl speed at the hub.

In tho radial blower, the total dellvery discharges
outside on the rotor clrcumferencoc. Thus, overy gas par—
ticle has the speed u, avallable for producing pressure.
.In" this case, V¥ muet be absolutely referred to wuz. 3Bub
the value VY for the axlal blower is also always computed
with reference to For this very reason, the pressure
ratio and conaequentiy the produced pressurc 1s always much
lowver than on the radlal blower.

] This drawback of the axial blower could be balanced
by correspondingly higher circumferential speed 1f the
problems of strongth and noise did not intervone. The
higher the tircumferontial spoed of the rotor the greater
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the stress due to centrifugal force. Botter matorial
would haove to be usocd, thus ralsing tho cost of tho blowor.
The nolso at high speed may rcach proportions which mako
oporation utterly impossible.

Hence, to succeed in raising tho pressure ratio would
mean.& substantial step forward. This was temporarily
achleved by enlarging the hudb diameter. Thon 'uy 1itself
increasos and 1s not qulite as much at varlance wlth 1uj.

In consequoncoe, V¥ 1itsclf must increasc. The hubd diameter
Di on modern high-prossuro axial blowers 1s usually much
grooater than half the outsido diametor

Dy
Dy 8 0.5< — < 0.7.

Dg :

A furthor substantial raise 1ln prossurc ratlo accruos
from tho application of the constant-prossuro method to
tho axlal blower.

PHYSICAL PRINCIPLES

} Figurc 3 1s o scction through an oxial blowor wilth
rotor located botwecen two guide vanose. It scrves to 1llus—
trote tho most genceral casoe.

The flow energy of tho dolivored gos consists of the
. )
spcod cnoergy %— end the pressurc onorgy %, amounting
4
at point 1 (bofore the front guldo vones) e figurc 3.

2
_afn
-

H, = > +
1 2g
" The spood c¢ conslsts of the veloclty component c.,
shown in figuro 3, and the circumforentlial componen% Cu

at right ongle to 1t., Since the gas flow approaches tho
first gulde.vanos axially, 1t is

c =0 and ¢ =c

1u in

In the first gulde vaonos the gas 1s deflocted, creating ao
circumferontinl component e¢,y, which ls usually opposite

to the olrcumferontial speed wu of tho rotor. Since the
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speed increasos in thesoc gulde vanes (cgp > 01); vhoroas
the flow enorgy, discounting the lossos, doos not change,
the prossuro nust “drop’ ' Py <-Dplw

In the rotor the onergy (delivory head) E is trens—
nittod to tho gos; whonce . .

2 &8 Y Y

"

In the conventlonal blowers the speed aos well as the pres=—
gure energy (c3 >cCg; Px > pg) 1ncreascs in the rotor.
Fundementelly, 1t 1s equally possible that one part of the
onergy 1n tho rotor remeins constant or,even decrenses,
whllo the other part then must incroase so much more.

Thus 1t happens, for imstanco, on blowors with gulde vanes
mountod ahoad of the rotor that ¢; < ¢cze On the contrary,
i1t nover happons that P § pz with tho customary axicl
blowors.

If tho guldo vonos follow the rotor, the circumforon=-
tial componont ¢, cancols, henco ¢4, = 0 oand c, = Cuipe

Tho pressuro of the delivored gas usually rises in these
gulde vanes, (ps > Pa)' In thoe cdjolning diffuser, the
spocd ¢, 18 largoely transformed in prossure; hence also
a prossuro risoc.

By degree of reactlon R of a blower is meant the
ratio of prossure diffeorcnce achicved 1in the rotor to the
total delivory head of the blower. Disregarding the losses,
it 1is

2

[}
=

Tho grocter thils ratio R 1is, the greator the pressure
diroctly produced in the rotor, tho smaller at the samo
time tho portion of the pressure to bo produced by convore
slon of the speod in tho adjJoining gulde vcnes and in tho
diffusor. Tho smaller the ratio R +tho highor tho loazd to
be imposcd on the diffusor.

Since the conversion of spcod into pressuroc in o dife
fusor 1s invariadly accompanied dy falrly groat losses,
thero has boon o tendoncy untll quite recently toward o
vory hlgh degroe of reaction, in spito of boing owaro of
tho ingreusing difficulties creatod in tho rotor (rofor=
ecncoe 1
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* According to the subssquent proessiurc rilsc, ogquation
(), a pressure difference psz = pp 1n an axlal rotor can
occur only 1f the relatiwve speed w of the.dolivered gas
decroeaass. vhile passing through the rotor. The rolativo
spood wy at ontry into tho rotor must oxcood tho spood
wx ot tho exit., In coneequonce, tho rotor blades operate
in o simultancously doeflocted and retardoed flow, which 1s
knowvn to have a speclal tondonecy to break away at the rotor
blcodes. To forestnll thils break-—away of flow for reasons
of efficiency, high blade loanding nust be ovoidod, i.c.,
no unusually high dolivery hecd should be domanded from
tho blecdos for o spccifiod elrcumferentinl spoed. Tho
rotors of modorn axial blowers arc usually computod with
tho holp of the two-dimonsional nirfoil thoory, for which
a groat numbor of 1lift and drag tost data eroc availadblo.
Tho findings of such tosts oro plotted in polar dlagreoms
which givo tho rolation botwoen 1lift cocfficient ‘¢, and
*drog.coofficiont -cy (a in fig. 4). cp ond Cy Oore .
dirocctly proportional to the lift and drag and aro doponde
ent on the angle of attock 8. The tost data for tho same
profilo in retarded flow arc also shown (v in fig. 4).

It disclosos the importont foct that both curves ore ape—
.proximatcly in agroement within tho rango of small 8, As
8§ incrocsocs, tho broak-away of flow on the airfell back
occurs 8 o rcault of unduly strong retardaotlion on tho cire
fell in the rctorded flowe The 1ift incroaso has practi-
celly coaoscéd, but thoe drag incrooscs so much thet this on-
glec 8 ©Dbocomes uscless for practicel oporating conditlons.

Tho breck-away on the scme cirfoll in norcal, 1.0.,
not rotorded flow, does not occur beferoc consideradly
higher & and c¢pe Since c¢p 1s praoactically proportion=
al to tho dolivery hond of tho blower, 1t indicates thot
the rotor blade of an axinl blower can produce a substan=
t1ally greatcer delivery hend in normal flow than in ro=-
tarded flow.

Of course, the delivery head 1s also proportlonal to’
the blade number =z, which might suggest the compensation
of the-lower 1lift coefficient ¢, 1in the rotor as a re-
sult- of retarded flow by a grecater number of blades. But
cvery blado added incroascs the.frictional surface of the
rotor. Bosilides, tho flow 1is also rotarded on the rotor
hud” and on- tho blower - wall. £ The broak-away rosulting
therofron sots an.insuporable limit for the pressure rise”
in tho rotors 1In any attompt at further incrcasc of de-
livory hoand, tho crcatlion of pressurc in the rotor must bo
abandoncd and the entiro pressurc production rolayed in the
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adjoining guldo vanes and diffusor. Tho rosult is thon
wvhat 1s tormed a constant-pressure dlowor, or, nameod. aftor
its "invontor: .Sehlcht bleower. . B _ o

In itsolf the ldea of using constant prossure for
pumps or blowors is not nowe Tor instanco, the celocbratod
French engineer, Rateau, points to this possidllity and
stresses the great importance of the diffuser (reference
2), although he himself never built constant-pressure
blowers. Around 1890 he experimented on blowers with
rotors having axial inlet, radiecl discharge and 45° for-
ward curved bladee (refercnce 3). These blowers had a
vaneloess circular chamber with adjoined spiral as diffuser,
They worec to produce 28 porcent of the prossuro head in
tho rotor and tho roast in tho diffusor. But tho oxpori-
montal rosults were so unsatisfactory thaot Rateau abandoned
this typo of dosign and warnod agalnst 1t.

The causc for this falluroc is to boc found in the fact
that tho application of a comparativoly low dogroe of ro-
action in radinl whoels resulted in very grecat losses bo=-
ccuso of the particularly difficult prossuro conversion in
tho diffuscer. In his lotor oxial blowers and pumps, Rotoau
dld not follow the concopt of low dograc of reaction, dut
bullt those machlnes so as to produce a large portlon of
the prossuro onorgy in tho rotor. Subsequontly, the oppll-
catlon of constant pressure 1n blowoer design was then gon-
erally vliowed as boing impossible.

Tho now inventlion has disproved this proJudico and at
the soamo time glven the moans for dosigning constant-proge—
surc blowors of high officlioncy. Theso moeans arc, first,
tho opplication of the axial blowor with its particularly
favorablo dlffusor and seconily. the reforenco to the fact
that oqual pressure must bo maintoinod bofore and .bohlnd
tho rotor ond that tho prossure nust bo actually kopt con-
stant for ovory point of the rotor passages. These clalms
arc iacorporated in tho basic patent (German.Patent Na.
633,155)s Exporimonts have proved thot failuro to comply NoT 50
with tho second roquiroment impo.irs tho officioney in unw- [ JW€
supporteble moannor.

Tho doscribed  1dcas can bo expinded in two woyse
First, tho fact of tho caso is that tho bost officlioncy 1s
not alweys preciscly ottainecd Just when R = O. The bost
valuo for B mnmoy be greator or oven less than zoro. While
wlith R > 0 +the known blowor vorsions arc approached, tho
npplicat;on of BR<O (1ow-prossuro blower) is ontiroly
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nev territory. Here the experiments are, on the other
hand, not without proepects, since the delivory head ob-
talnable at lov pressure will. probadbly growe. The limit
of application of low pressure in the rotor liea in the
steadlly increasing diffuser lossos.

MATHEMATICAL PRINCIPiﬁS

According to Euler's fundamontal cquation of the
povwer transfer in turbincs, the delivory head Hy, pro=-

duced in the rotor 1s:

.2 = cg® + uz? = uy3 +'w33.- Wy 2
ELa = —2 ' 2 (1)
. 2 g

The rotor 1lift H;, 1s greater than the cffective
blowor 1ift E, which has to covor the flow losses V,_g
in tho gulde vanes, the rotor, and the diffuser.

As concorns the .rotor 1tself, onc part of tho trans-—
mitted delivory hcad must cover the rotor losses 72-3
a-socond part 1s moasurable.as speced incrovase and the rest
as pressurc lncroase in the rotor:

Cz2 = co2 -
ELa = va_s + 53 2_ P3 Pa (2)

2E Y

.The comparlson of oquﬁtions (1) and (2) gives tho
prosgssure risc in the rotor

Pz = Po Uz 2 = upz® + wy? = wy®
= -V
Y 2g =3 (3)

Discountlng the minor discrepancles 1n the circumforential
spcod and tho rotor losses, lcoavos

2 3
- Pz - P2 Wga® = Wg

= (4)

Y 2

In the axizsl blowor, a prossuroc riso in tho iotor:is con=
tingont upon rotardation of the rolative spoeed. in tho

rotor,
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In the constant-pressurc blower, retardations in the
rotor are.to be avolded, hence the -speed remalns the same.
"This requirement is extendod-to include a spocifiecd con- .
stant dogroo of rcactlion in tho blade duct whilch may bo
prescribed -arbltrarily. Thls domand .lecads to a condltlon
for tho soctlionecl variation in tho rotor passages which
i1s t0 bo basced upon the stroam fillamont rather than alr-

* £0l1l thoorye Tho rotor blados are dssumod to be so closo
togcthor os to rofloct blodo poagagos (fig. 5).

Tho dellvory head produéed up to any point P 1ss.

HP = (u Cu = g Cau)

mi~ ol

[u(u = w cos B) = ug(uy = wy cos Bz)l (5)

vhile tho pressuro difforcac¢o produced up to point P 1is,
according to couantion (3):
P - Da u® - uaa + Wgo - w?

= - Vaup (6)
Y 2 g a-F

The dogroo of ronction nt this nolint 1s:

P = Pa
R= ——"tH
W P

Tho volucs of oguations (5) and (6) whon cnterod into this
fornula gilvo & squarod cquation for w; the rosult 1s:

w = —3—,= R ucos B
]

+./ B2 uRcos?p+ (us- uaa)(l-BR)fwaa-zRuawgcong—zdta;é) (7)

Q "1s tho gos volume (in m3/s) delivored. by the rotor; =z,
tho number of bladce; and F, the insldo sectlon of a

blado passage (in m2), mcasured at right anglo to we.
Equation (%) reproscnts a.rolatlion botweon w or F and
the bledo.angle B, which must be proserved 1f tho requirod
dogreo of roaction is to prevail at overy blade point. If

R =0, Vgup =0, eond ug =u (loss~froe axinl constant-
pressurc blowor). we aro baek to the forogolng conditlon
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of w=wge B <O writton in oquation (7) affords the
eross~soctional change for a low-pressuroc blower.

Tho condition w3 = w = wy = const loads dliroctly to
tho rotor form typlcal for tho constant-pressure blower.
Figuro 6 1llustratos tht spoed triangles ot rotor inlet
and outlot for a constant—-pressure blowor with proceding
gulde vanos, ond figuroe 7 with following guldo vancs.

Both manlfost a strong increasc of tho moridlian componont
¢y of the speed 1n the rotor. Tho samoc holds in slightly
smallcer degree, for tho guide vanes. In the convontional
axlal dblowors ¢m 1s usually considercd constant. Fig-—
ure 7 shows tho discharge trianglo for such bdblower as
dagsh=dottod llnose. Such blovers have ln conscquonco cone
stant blade longth, whoreas that in tho constant-prossure
type docreasos considerably in flow direction (fig. 8).

Owing to the voery small blade longth of the constant=—
.pressuroc blower at the rotor outlot, its hud 1s usually
much thicker than in o normal blower, Dy3/D, to 0.9.
Henco the circumforontlial spcod at that point is compara-
tivecly high. But, as alreadypolnted out, the circunforon-
tial spccd at the hub at the rotor outlet docldes tho at-
talnable dolivery hood iIn tho rotor. Herce, the vory
thick hub of tho constant-pressuro blowor also lncrcasocs
the deliveory head ovor that of a normal blower.

On passing through tho blower,tho dolivored gas con~
tnins o changlng holix, 1.e., a rotatory nmotion, which,
becausc of the contrifugecl force, induces an outwardly
ineroasing pressure. Fundamentally, the demand for con=-
stant pressure is restricted to only one stream fllament.
On "'all others, the ‘pressure must change at passing, in-
creasing or decrcecasing depending on tho assumptlions 1In the
design. Every blower having constant prossureo in the
moedian strocam fllament has at the sameo time 1ln tho other
perts of the blades o slightly positivo as well as nego-—
tive degreo of roaction. Those facts must bo taken into
consldoratlion in a detallod onalysis.

Chonges in rotor-blade lcngth produce difforonces in
tho circumforcntial spoed, at the same time as c¢p 1s then
no loangor purocly axicl, but rather coatalns a redial con-
ponont. In an accurate analysis, tho blades must thon ba
dividod by streanlincs in parts of narrow width, as is
custonary ln wator-turbinc design, howovor, with the added
condition of continuous complienco with cquation (7).

Thls 1s ospccinlly conduclivo to oxperinontation. And 1%
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nffords, as: i1 watdr turdincs, spatially curved dlndes of
knowyn ncthod -of prosontlation. But the sxtent to which
such olades "are Tondtblo frorm the point -of -viow--0f con=- -
trifugal forco is, of' coursc, anothor quostloh. All thoso
difficultics disupponr when the blados can dbo conputod
sufflclontly approxithately with disrogurﬂod radlial extone
sdon, ns is usuclly tho caso.

Tho froquontli gulto inportant discraspancios in rotor
blado loagth ot tho inloet and outlot sidos 1nposo o folrly
gront axinl dopthk "€, (fig. 8). Tho rosuli 1s a longor
blade pressago which would Justlfy the applicatlion of tho
stroon filloament theory for tho calculntion. Novortholoes,
tho Llowers aro gonorally annlyzod by clrfoll thoeory 1f tost

‘dota on profilos roseﬁbling tke roquired blado fornm oaro

avalladlo.

Of partlicular 1interest in this coanection 1ls the use
of offset rotor tledes obtalned from o groatly curved
blade conformoblo to flrures 9 and 10 by cutting 1t up in
rediel planes and oarranging the senarstc ploces over the
rotor circumferonco.” It effords slightly curved blade
profiloce, coch of which Goflects tho flow ~ little. Tho
individusl Dlalo plecoes thomsclves are alweys 1n a sound
flow, beceouse the offsect hno wlaced *‘om out of tho bourdde
orv-loyor gzono of tiho n:roecding ploepos Each of theso
blndo Hiccoe 13 calculadble b- alrfoll thcory so that brock-
awoy picnomane nro sarolyrrvolded. At tI.o snmo timo, the
blading con bo lald out ro *h-% az a whslo aguation (7) 1is
avproximatoly satisficds Complote sctisfretion is not
possihle, bocawae the promisocs of streem filomcat and cire
foil thcory are not the seme., Rotors with offsct blades
nro shown ia flguros 11 and 12. Tho uppor linit of dollive
ory nond obtdlnable in ono stago llios in thoe critiecal
gpoocde. But whother this limit is roachod soonor by tho
constnat-prossure bBlowor thon dy tho normel dblower, is
possiblo dbut not certoin. Compoaratlve tcsts aro neces-~
BOYI e :

DIFTUSER

Tho diffusor 1s tho most vital peort of tho constant-
proassuro blowor, and tho officlonecy of tho wholo blowor is
chiofly doependont upon tho lossos 1n 1t. It also forms
theo limlt for the appllication of the nogativo degroos of
rocctlon sirco through thom tho gradlient to bo convortod
in tho diffusor is incroasod. Howovor, it is of groat




12 E.A.C.A, Technical-Memoranium No, 927

importance that the efficlencles of carefully designed
diffusers are considerably higher than most engineers as-
sume. Judged on the basls of all the data gathorod from
tests on Kaplan turblilnes and constant-pressure blowors

it moy bo stated that the dlffusor officloncy may corteinly
oxcood 90 percecent. Far moro difficult is the control of
the suscoptlbllity of the diffuscer to inlet disturbancoes.

Diffusor design should prococd from the following
viewpointst Tho cross~asoctional enlargoment should not
bo too abrupti: a small residuary helix in tho gas lecving
tho rctor or guide vances roduces tho break-away tendoncy
on the diffuscr walli 1t is usoless to try to ~chiovo the
cross=scctional cnlargomont through a poinftoed hub, whore
almost always break-away occurc. The hud on the constante=
pressuros blower 1s thoroforo as o rulec cylindric or slight=
ly tcoperod bohind the rotor and cut off at the diffusor
ond (fig. 3).

Tho diffuser of the constont-prossurc blower naturale
ly rogulres a great structural longth, and horoin lics a
sorious drawboack of this blowar. It 1lmposes tho sirgle-
stage typc, which in turn 1s o profound limitatlion of 1its
range of applicatlon, since high—~prossuro blowers must
havo morc than onoe stage. On the other hand, it has boen
found thot the dlffusocr length in mary cascos does not in~
torfore, slnce passagos for the delivored gas must dbo
Joined any way (figs. 13 and 14).

DESIGH

One substanticl advoantago of the constant—pressure
blower lios in 1its choap manufacturc, sinco, rotor in-
cludecd, it can bo wolded almost wholly from shoot motal.
Tho rotor blados aro shapod by Jig o~nd woldod to the
weldod motal hub. The scne, of courso, holds for gulde
vanos and diffuscr. The Schicht blowor produces & spocile=
fied prossuro at lowor circumferentlial speod than any
other axlal blowor. Its dlameter and weight can there~
fore be kept smaller for a glven spsed, and the centrif-
ugal forces themselves erce not excesslves, It 1s not
necossary to have tho rotor slot on the circumferecnco
particularly small, because the glot lossos arc very low
on account of the constoant prossuro. Tho blower drilvo
may, 1f necossary, bo housod in tho hub.
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The uso of shoet-motal blados in:ploco of tho usual
-fairad rotor blades involves no perceptlibe loss in effi--
clency for tha following resson. -The.flow, registance of
the shoet-meotal blades of itself need not be mroater than-
on the folrod blados. The pure rotor bdbladoe loss 1n any
blowoer 1s but o fraction of tho total loes, so that this
sligzhtly groater loss 13 oalmost lmporceptiblo. . Tho use
of nirfoll sectlons 1n the other bPlowors hoightons theo
dangor of broak~-away 1n tho rotardod flow. For the samo
rocason, tho surfroco condition of the rotor bdlados so im=~
portant othorwiso, 1s secondoary on tho constant=pressuro
blower. :

IXPERIMENTAL DATA

Scvor:'l constant-prossure-blowor dosigns ore shown
in figures 11 to 14; thoy cxomplify the typlenl docliano
in radicl blado dopth toward the rotor discharge, tho
largo diffusor,~nd the vory thlck hubdb. . The blower 1o
prncticel vhorover the rogulirod dolivory pressurc can bo
obtaincd in onc stnge ot, of coursc, very hish pressurec
reotlio. Highor tonpornturo or dust contont in tho doliv—-
orcd 5ns does not westrict 1ts usc.

dJaturslly, the dovolopmeont of tho blovors procooeded
orr the bnasis of a groat numbor of tosts. Thc writer hiam-
self invostismated two constant=prossuro dblowors cccording
to the swoclflcetlons for tho power ond accoptoance tests
on conmpressurs (Gorman Standnrd Spocificntions 1945); ono
1atended for o nineo, the other for ar exheausting plant
(figs. 14, 15, ond 16). In tho inducod drought blower
it wes lnpossibleo to rocord thoe prossurc before oand bo-
hind tlc blowor dlrectly onto tho blowor 1lteolf. Tho
fluo goeos aroc doflocted b7y two roctangular olbows, cone=
taining defloctors (fige. 14). Tho pressurc loss at thoso
polints could not be moasured soprratcly, honca tho rccord-
od valuos of proessuro differonce, pressuro factor, and
officioacy (plotted in figurc 16) arc lowor then in ro-
allty, caoountling porhaps to sovercl porcoat.

. Tho results indiccto thot officioncices in oxcoss of
80 percoat con bo rooched with tho constant-prossuro
blowor: Such v:lucs ars equally obtainablo with tho bost
blowers of other typcse But the prossure of considorably
more than 0.8 reeched with the constant-pressure blower
1s not likely to Have been equaled so far. On top of
that, 1t should be remembered that 1n both blowers the
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gulde. vanes aro fltted aft, wherea$ the pressure ratilo

in itsolf is a little lowor than when the guide vanos

aro fitted beforo tho rotor, It 1s certaln thet pres-
gsuro rotlos of moro than 1 arc obtalnadble by optimum offi-
clency. Tho invontor himself roeached a valuec ¥ = l.4,
‘wheroby, to bo sure, the effilcloncy dropped to around

60 porcont.

Other exporinents of the inventor dealt with the
effect of the speed and pressure varlation 1ian tho rotor
on tho efficicnecy. If tho rotor ls so computed that tho
scction at inlet nnd outlot complios with the constant-
prossurc condition (equation (7)), whero R = 0, while
tho scctions within the rotor do not comply with 1it, the
officlicney declinos immodintocly. This 1s assoclated wlth
tho fcet that thon the dolay at 1solated points 1n tho
rotor passcges 1s such ns to inducoed break—away of flow,.

The offoct of blade offsct on the officioncy was also
anplyzod, This effoct is grcator than at first assumod
and nmay ceusc matorlal dlifforonces 1in offlelcecncy and 1n
tho chorceteristic curvos.

It is difficult to moke ony gonoral statemont about
the noiso in constant-prossurc blowers, becousc dofinite
concluslons nust be basod on a conparison with a blowor
of normal dosign urdor idcatical installatlion and opecrate—
ing conditions. At ony rate, 1t noy be stoatod on tho
bnsls of nany past oxperiencos that the constont—-prossure
blowery,is loss nolsy than the usual axial bdblower, a fact
which 1s no morc than expoctod wher bearing in nind its
nuch lower clircunferontial spoed than otheor axial blowers
of equal dolivery hend.

APPLICATION OF COHSEAHT PRESSURE IN PUMP DESIGN

In principlo, the constant-prossurc oethod 1s os ap=-
plicadble to the dellvery of liquids as of geoses. In thils
nonnar, 1t 1s posslble to obtaln particularly high 1ifts
with axlial punps. But so far no expoerimonts have been
ncede in this diroction, The reason for this was, first,
that the rango of tho blowor, bocause of 1ts groat clr-
cunfeoronco, requirgd all energy forco, ond secondly, bo=-
cause thoro 1s apparently ho grent demand for axicl) punps
of high lift. In any case, the constort pressure process
pronlses hers also considoerable increacse in deslgn posai-
billities.
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In expoerimonts with constent-pressure axial punps
the ¢avitation haezard 1s paranount, sinco the constant-
pressuro blading croates tho ontiro dolivery head in.tho
rotor ns speod oenergy, and henco particularly high speods
in tho rotor without rise in hydraulic prossurc. Although
this dooes not necossarily entall cavitatlion, general ex-
porlcenco toachos that cavitatlion hazard 1s inminent. Tho
reason for this 1s that speed lncroasos occur in every
flow 1f the flow directlion 1les changed or if the flow 1s
around a body (rotor blades). This increase of speed is
alwvays proportional to the mean speed., Hence the result-
ing low prossures are proportlonal to the square of the
high mean speod, honce they themselves must be voery high.
For that reason tho suctlon cepaclty of a constant-pressure
purp will probadly not bo as high as that of a pump of
convontional design. ZExporiments in this diroection should
produce somo very intcrcsting results.

Translatlon by J. Vanior,
Notlonal Advisory Conmmittoe
for Aoroncutics.
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Figure 1l.- High-pressure
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Figure 4.- Polar diagram,

a=normal flow
b=retardei flow

Figure 68.- Constant-pressure

blower wlth pre-
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Pigure 7.- Constant pressure Figure 8.~ Conetant pressure
blower with adjoin- blower.
ing gulde vanes. t = blade wiith

Figure 9.- Rotor with single Figure 10.- Rotor with offset
row blades, blades.
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Flgures 15,16.- Operation characteristic curves of two coanstant-press-
ure blowers with ailjolning guide vanes.
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Figs. 11,12,13,14

Figure 11.- Two-row rotor Figure 12, -
of a constant-
pressure blower.

Five-row rotor of a constant-
pressure blower.
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Figure 14.- Induced draught constant-
pressure blower.
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Figure 13.- Constant-pressure blower for steam boiler (fuel gas 70 m /s,
delivery head 120 mm , r.p.m. 585, power input 106 kw).
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